Abstract. Welding temperature is the main factor that influences the welding quality in the high frequency induction welding of composite aluminum alloy thin-walled tubes. The finite element analysis software ANSYS was used to simulate the temperature field. One complete penetration of thin-walled tube and boundary conditions of convection and radiation as well as latent heat phase change were taken into account. Then a linear heat source is used to load and calculate the temperature distribution and to draw thermal cycle curves of welding process. Research results of the temperature filed also provided the corresponding basis for further analysis of welding stress and strain.
Introduction
High frequency welded pipe makes use of skin effect and proximity effect of high frequency current to make the edge of the tube billet rapidly heated to a molten state, and under the action of squeezing roller to form weld [1] . Welding temperature and extrusion pressure are important parameters affecting the quality of weld. The extrusion pressure that is adjustableand controlled by a pair of squeezing roller is relatively stable. The control of the welding temperature becomes the key to ensure the quality of welding. Production practices show that when the welding temperature is too high, it will lead to wasting of power, melting the weld edges too much, or weld burning through, etc. It will even affect the quality of weld surface and the qualification rate. When welding temperature is too low, it will make the welding heat input insufficient, causing a cold welding or lowering the quality of welding [2] . Therefore, it is important to analyze pipe welding temperature and find out the temperature distribution around weld.
Due to the limitation of the current technical conditions, the welding temperature can not be measured accurately in real time. It cannot rely on experienced judgment or analytical solution either. With the development of computer technology and finite element method, the numerical solution has become the practical resolution [3] [4] [5] . Using finite element software ANSYS to simulate the temperature field of the pipe welding process, the temperature distributioncan be drawn at any time and any cross section. It is also able to observe the temperature level, contour change over time, and to observe the temperature at any arbitrary point over time [6] . This kind of finite element analyses provide certain insight information for the actual pipe welding.
The Mathematical Model of High Frequency Induction Welding

Control Equations
High frequency induction welding is a highly nonlinear transient problem. Thermal properties of welding material are functions of temperature. The temperature field control equation is:
In this equation, ܳ ഥ represents the heat source, with the unit of W/m 3 . ߩrepresents the density of the welding material，kg/m 3 .crepresents the specific heat of the welding material, ‫.℃݃݇/ܬ‬krepresents coefficient of thermal conductivity of the welding material, ܹ/݉℃.
Heat Source Model
High-frequency induction welding is one penetration, putting the heat source as a line along the thickness of pipe.The line heat source model for thermal calculation is adopted to express internal heat source strength function [7] of the heating body.
In the equation, ‫ܥ‬ ௧ represents the thermal mass or volume heat capacit, ‫݉/ܬ‬ .ߝ represents the thermal radiation rate (blackness). By Equation (4) it can be seen that the radiation heat flux and direct ratio four times of surfaceabsolute temperature, it is highly nonlinear and easy to cause the divergence of computing, so this project considers the influence of radiation by magnifying the heat convection coefficient [8] .
Latent Heat of Phase Change. Melting and solidification phase changes exist around welding molten pool area in the process of welding.There are endothermic and exothermic energy changes along with the phase change process.This project used the enthalpy method to consider latent heat. The change of enthalpy ∆‫ܪ‬is described as a function of densityߩ, specific heat C and temperature T [9] , as in the following equation:
Establish theModel and Mesh A company's production of 16 * 2.0 * 0.3 mm flat welding tube was taken as the research object. Its thickness is 0.3 mm,7072/3003/4343 three layer composite aluminum alloy. The welding parameters are: the welding voltage is 185 v, the welding current is 81.5 A, the current frequency is 250.4 KHz, welding speed is 2 m/s, welding thermal efficiency is 0.85. One half of high frequency welding tube was taken to establish the finite element model, as shown in Figure 1 . The other half welded pipe is symmetric. Finite element meshwas built mainly to analyze the temperature distribution of weld area, namely the area of flat tube welding part. The model can be simplified as a quarter of a cylinder modelas shown in Figure 2 , which is 100 mm long, with a inside radius of 0.7 mm, and outside radius of 1 mm. The thermal analysis element SOLID70 was used for thermal calculation. Tensile element method was used in the thermal calculation, so plane PLANE55 thermal element wasalso used. Heat load in the form ofheat flow density loaded on pipe surface. Due to the width of the welding heat affected zone is about 1/4 ~ 1/3 of thetube billet thickness [10] , which is about 0.1 mm, so element size isabout 0.15 mm.The meshing is shown in Figure 3 , with 13527 nodes and 8016 elements. 
The Determination of Thermal Physical Properties
Thermal physical property parameters of materials include thermal conductivity k, specific heat C, density ߩ, heat transfer coefficient h, linear expansion coefficient and elastic modulus, Poisson ratio, etc. The density variation with temperature is not big, the other parameters areconsidered as functions of temperature. Obtaining the thermal physical properties under different temperatures from [11] , using piecewise linear fitting to discrete and get the parameters as shown in Table 1 . 
Numerical Simulation and Analysis of Temperature Field
By ANSYS simulation itis able to draw temperature distributions at any time. Fgure 4, Figure 5 , and Figure 6 show the temperature field during the welding process of 0.005 s, 0.025 s, and 0.05 s respectively. Figure 4 and Figure 5 show that heat source moves fast, which means instant formation of stable temperature field. Comparing Figure 5 with Figure 6 shows that the shape of the welding molten pool is similar to oval cylindrical, and it coincides with the linear heat source model. The heat source movement can be drawn in the cylindrical tube thickness direction. Temperature of the heat source center is high and isothermal is concentrated, isotherm is sparse far from the center of a heat source. Of the same circumference of a circle line, thermal cycle curves of different nodesare shown in Figure 7 . Node A is located in the weld, node B, C, and D in the heat affected zone with 0°, 45°, and 90° respectively. It can be seen from the diagram that the highest temperature is located inthe welds as 441℃. The temperature in the heat affected zone is lower, and the farther distance from the weld, the lower temperature it is. During welding the temperature of each point goes down after rising first, heating quickly and cooling slowly. Finally, all goes to ambient temperature. 
Conclusions
Through the establishment of finite element model for analyzing the temperature field of high frequency induction welded pipe, the main effects considered in this projectare convection, radiation, and phase change. By applying the line heat source model and loading in the form of heat flux density, heat source can be simulated moving through the function of load. The method is successful in simulating this welding process. Analyzing tube welding temperature distribution in different stages of welding, it can be found that the high frequency induction welding process forms stable temperature field in a very short time, and the heat affected zone is very narrow. When welding temperature rises sharply and then declinesquickly and at last goes to the ambient temperature, the thermal stress generated during the process will affect the welding quality. The future work of this project will further analyze the stress and strain on high frequency induction welded pipe.
